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The ATLAS Collaboration has recently announced the discovery of the 3P states of the Υ system,
χb(3P ), with mass of 10.539±0.004(stat.)±0.008(syst.) GeV. In a previous investigation of the Υ
system, in the context of a comprehensive one-loop potential model, we calculated the masses of
these states, but did not include them. We present those results, and others for the n = 3 states
here.
1. INTRODUCTION
A recent measurement by the ATLAS Collaboration [1] has located the spin-weighted mass barycenter of the
n = 3 P states of the bb¯ system, the χb(3P ), at a mass of 10.539±0.004(stat.)±0.008(syst.) GeV. This mass
value is somewhat larger than previous model predictions [2, 3].
In a recent paper, [4], we showed that the perturbative treatment of a model consisting of a relativistic kinetic
energy term, a linear confining term including its scalar relativistic corrections and the complete unsoftened per-
turbative one-loop quantum chromodynamic short distance potential was able to reproduce the overall spectrum
of the bb¯ system, including the measured hyperfine structure of the S states, as well as its radiative decays, with
good accuracy.
Since the point of that paper was to recalculate the hyperfine splittings, we did not include results for the 3P
states. With the ATLAS discovery of these states, it seems worthwhile to present our theoretical results for the
individual 3P states and their splittings.
2. RESULTS
The parameters we use are shown in Table I [4]. It should be noted that in Table I, αS is the strong coupling
Model parameters
A (GeV2) 0.175
αS 0.295
mq (GeV) 5.33
µ (GeV) 4.82
fV 0.00
TABLE I: Fitted parameters in the bb¯ potential.
constant in the GR scheme [6] and fV is the fraction of vector coupling arising in the relativistic corrections.
The other parameters have their usual meanings. See Ref. [4, 5] for a complete discussion of the potential model
we use.
∗Electronic address: sradford@brockport.edu
†Electronic address: repko@pa.msu.edu
2mbb¯ (MeV) Our Expt
ηb(3S) 10333.9
Υ(3S) 10364.2 10355.2± 0.5
χb 0(3P ) 10516.0
χb 1(3P ) 10538.1
χb 2(3P ) 10552.9
hb(3P ) 10544.4
33D1 10693.5
33D2 10700.4
33D3 10705.9
31D2 10701.7
TABLE II: Results for the n=3 states of the bb¯ spectrum. Experimental data from [7].
3. DISCUSSION AND CONCLUSION
Although the individual 3P spin states are not resolved in the Atlas measurements, they are able to locate
the spin-weighted average at 10.539±0.004(stat.)±0.008(syst.) GeV. From the results in Table II we find the
spin-weighted average of the the triplet P states to be 10.5439 GeV, in good agreement with the ATLAS data.
In addition, we calculate the intra-multiplet splittings as: χb 2(3P )-χb 1(3P )=14.8 Mev; χb 1(3P )-χb 0(3P )=22.1
MeV. Previous model predictions for the center of mass are somewhat lower, at 10.5197 MeV [2] and 10.525
MeV [3], but, overall, potential model predictions provide a reasonable description of the Υ states below the BB¯
threshold. We anticipate that further data will provide information on the spin splittings of these states.
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